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(54) Apparatus for recording a digital video signal. 

(g) A digital video tape recorder provides for the 
simultaneous recording of digital video signals 
and transmitting of those digital video signals 
either as analog or digital output signals, for 
example, for monitoring. In one mode, a record- 
able digital video siqnal is produced from a 
received digital video signal and recorded sim- 
ultaneously with the conversion of the received 
digital video signal to an analog video signal 
which is supplied as an output In another 
mode, an analog video signal is received and 
converted to a digital video signal for recording, 
and the converted digital video signal is simul- 
taneously transmitted as an output video signal. 
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The present invention relates to apparatus for re- 
cording a digital video signal. 

Analog video tape recorders are known to record 
analog video signals on a magnetic tape in analog 
form and to provide the video signal as an output sig- 
nal so that the analog video signal may be monitored, 
e.g., viewed on a television monitor. 

Digital video tape recorders are known to convert 
an analog video signal into a digital video signal and 
then to record the digital video signal on a magnetic 
tape. The recording and reproduction of digital video 
signals is more advantageous than the recording and 
reproduction of analog video signals because the pic- 
ture quality of the reproduced digital video signal will 
not deteriorate through multiple dubbings. Moreover, 
error correction by way of digital processing further 
reduces errors in recorded and reproduced digital vid- 
eo signals. However, the monitoring of digital video 
signals while they are being recorded cannot be ac- 
complished merely by supplying the digital video sig- 
nal to an output terminal. Digital video signals gener- 
ally are transmitted on a digital serial interface line ad- 
mitting of one data format while analog video signals 
admit of a second data format. 

Further, a video signal to be recorded in digital 
form may be supplied as either a digital video signal 
or as an analog video signal whose formats, even af- 
ter the analog signal is converted to digital form, are 
not the same. Current digital video tape recorders do 
not include the capability of recording video signals 
admitting of both of the above-mentioned data for- 
mats while providing an output signal that allows a 
user to monitor the video signals being recorded. 

Various aspects of the present invention are de- 
fined in the appended claims. 

In accordance with one embodiment of the pres- 
ent invention, apparatus is provided for receiving 
(e.g., on a digital serial interface transmission line) a 
digital video signal, producing a recordable digital vid- 
eo signal from the digital video signal, recording the 
recordable digital video signal on a record medium, 
converting the received digital video signal to an ana- 
log video signal and supplying the analog video signal 
as an output simultaneously with the recording of the 
recordable digital video signal. 

In accordance with another embodiment of the 
present invention, apparatus is provided for receiving 
a digital video signal, detecting errors in the digital vid- 
eo signal, adding to the digital video signal error flags 
identifying respective detected errors, correcting the 
detected errors in the digital video signal in response 
to the added error flags to produce a corrected digital 
video signal, encoding the corrected digital video sig- 
nal to provide a recordable digital video signal, record- 
ing the recordable digital video signal on a record me- 
dium, decompressing the digital video signal to pro- 
vide a decompressed digital video signal, converting 
the decompressed digital video signal to an analog 



video signal and supplying the analog video signal as 
an output simultaneously with the recording of the re- 
cordable digital video signal. 

In accordance with a further embodiment of the 
5 present invention, apparatus is provided for receiving 
an analog video signal, converting the analog video 
signal to a digital video signal, transmitting the digital 
video signal as an output producing a recordable dig- 
ital video signal from the digital video signal, and re- 
w cording the recordable digital video signal on a record 
medium simultaneously with the transmitting of the 
digital video signal. 

In accordance with still another embodiment of 
the present invention, apparatus is provided for re- 
ts ceiving an analog video signal, converting the analog 
video signal to a digital video signal, shuffling blocks 
of the digital video signal to provide a shuffled digital 
video signal, orthogonally transforming the shuffled 
digital video signal to provide a transformed digital 
20 video signal, quantizing the transformed digital video 
signal to provide a quantized digital video signal, 
framing the quantizing digital video signal to provide 
a framed digital video signal, deshuf fling the framed 
digital video signal to provide a deshuffled digital vid- 
25 eo signal, adding parity data to the deshuffled digital 
video signal, channel encoding the deshuffled digital 
video signal to provide a recordable digital video sig- 
nal, recording the recordable digital video signal on a 
record medium, and transmitting the framed digital 
30 video signal as an output simultaneously with the re- 
cording of the recordable digital video signal. 

In accordance with still a further embodiment of 
the present invention, apparatus is operable in a first 
of two recording modes for receiving a digital video 
35 signal, producing a recordable digital video signal 
from the digital video signal, converting the digital vid- 
eo signal to an analog video signal, supplying the ana- 
log video signal as an output, and recording the re- 
cordable digital video signal on a record medium si- 
40 multaneously with the supplying of the analog video 
signal as an output The apparatus is further operable 
in the second recording mode for receiving an analog 
video signal, converting the analog video signal to a 
digital video signal, producing a recordable digital vid- 
45 eo signal from the digital video signal, transmitting 
the digital video signal as an output and recording the 
recordable digital video signal on a record medium si- 
multaneously with the transmitting of the digital video 
signal. 

50 The invention will now be described by way of ex- 

ample with reference to the accompanying drawings, 
throughout which like parts are referred to by like ref- 
erences, and in which: 

Figs. 1 A and 1 B are block diagrams illustrating re- 
55 cording and reproducing operations, respective- 

ly; 

Fig. 2 is a block diagram of apparatus for record- 
ing a digital video signal operating in a recording 
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mode in which a supplied digital video signal is re- 
corded on a record medium and supplied as an 
output in analog form; 

Fig. 3 is a block diagram of the apparatus oper- 
ating in a non-recording mode; 
Fig. 4 is a block diagram of apparatus for record- 
ing a digital video signal operating in a second re- 
cording mode in which a supplied digital video 
signal is recorded on a record medium and an er- 
ror-corrected analog video signal is supplied as 
an output; 

Fig. 5 is a block diagram of the apparatus oper- 
ating in a second non-recording mode; 
Fig. 6 is a block diagram of apparatus for record- 
ing a digital video signal operating in a third re- 
cording mode in which a supplied analog video 
signal is recorded on a record medium in digital 
form and supplied as an output in digital form; and 
Fig. 7 is a block diagram of the apparatus oper- 
ating in a third non-recording mode. 
Referring now to the drawings. Figs. 1A and 1B 
are block diagrams of recording and reproducing cir- 
cuits, respectively, of a digital video tape recorder. As 
shown in Fig. 1 A, the recording circuit is comprised of 
an analog to digital (AID) converter 1 , a blocking/shuf- 
fling circuit 2, a discrete cosine transformation (DCT) 
circuit 3. an encoding circuit 4, a framing circuit 5, a 
deshuf fling circuit 9, a parity generator (PTG) 10 and 
a channel encoding circuit 11 ; In addition, an A/D con- 
verter 7 and an interleave circuit 8 are provided for 
processing a supplied audio signal, and a multiplexer 
6 is provided for multiplexing the video and audio sig- 
nals. 

During a recording operation, analog video and 
audio signals are supplied to A/D converters 1 and 7, 
respectively, which convert the signals into a digital 
video signal and a digital audio signal, respectively. 
The digital video signal is supplied to blocking/shuf- 
fling circuit 2 which produces blocks (e.g.. 8 pixels by 
8 pixels) of video data from those portions of the dig- 
ital video signal containing the useful video data, that 
is, those portions of the digital video signal which cor- 
respond to a blanking period are discarded. The 
blocks of video data are shuffled to provide units of 
blocks each of which includes four luminance blocks 
of video data and two chrominance blocks of video 
data. Blocking/shuffling circuit 2 supplies the shuffled 
video data to DCT circuit 3 which performs a discrete 
cosine transformation of each of the blocks of video 
data to produce DCT transformed blocks of video 
data. 

DCT circuit 3 supplies the transformed blocks of 
video data to an encoding circuit 4 which quantizes 
and variable-length codes (VLC) the data using a two- 
dimensional Huffman coding technique as is known in 
thdi art Quantization is carried out by adjusting a 
quantization step for each 30 transformed blocks of 
video data, known as a buffering unit, so as to pro- 



duce a constant amount of data. Encoder 4 supplies 
the encoded video data to framing circuit 5 which 
"builds" a frame of video data by adding error correc- 
tion code (ECC) to the video data and providing the 
5 video data with the error correction code in a format 
consistent with known digital recording formats. The 
digital video data is supplied to multiplexer 6. 

An analog audio signal is supplied to A/D conver- 
ter 7 which converts the analog audio signal to a dig- 
10 itai audio signal that is coupled to interleave circuit 8 
which performs interleaving of the digital audio sig- 
nal. As is known, inter leaving of audio signals reduces 
the affects of errors on the quality of the sound due 
to burst errors which occur during recording or repro- 
15 ducing operations. The audio signal is supplied to 
multiplexer 6 which multiplexes the audio signal with 
the video signal supplied from framing circuit 5 and 
supplies the multiplexed signal to deshuffling circuit 
9. Af rame memory (not separately shown) in deshuf- 
20 fling circuit 9 stores a frame of video (and audio) data 
contained in the digital signal and the data stored in 
the frame memory is deshuf fled such that DCT 
blocks of video data which represent adjacent posi- 
tions of an image displayed on. for example, a televi- 
25 sion monitor are located at adjacent positions when 
stored on a magnetic tape. The deshuffled signal is 
supplied to parity generator 10 which adds parity data 
(e.g.. parity bits) to the deshuffled signal. Parity gen- 
erator 10 supplies the deshuffled signal (with the add- 
30 ed parity data) to channel encoding circuit 11 which 
modulates the signal so as to convert the video signal 
into a recordable signal before serially recording the 
digital video signal on a magnetic tape (not shown). 
A reproducing operation of the digital video tape 
35 recorder will next be described with reference to Fig. 
1 B. As shown, the reproducing circuit is comprised of 
a channel decoding circuit 12, a time base correction 
circuit (TBC) 13, an error correction (ECC) circuit 14, 
a shuffling circuit 15. a demultiplexer 16, a deframing 
40 circuit 17, a decoding circuit 18, an inverse-discrete 
cosine transformation (IDCT) circuit 19, a deblock- 
ing/deshuf fling circuit 20 and a digital to analog (D/A) 
converter 21. In addition, a de-interleave circuit 22 
and a digital to analog (D/A) converter 23 are used for 
45 processing the reproduced digital audio signal. 

During a reproducing operation, a reproducing 
head or heads (not separately shown) serially repro- 
duces a digital video signal recorded on a magnetic 
tape (not shown). The reproduced digital video signal 
50 is converted to parallel form and demodulated in 
channel decoding circuit 12 in a manner inverse to 
that performed by channel encoding circuit 11. The 
demodulated video signal is supplied to time base 
correction (TBC) circuit 13 which corrects the time 
55 base (or time axis) of the reproduced video signal. 
TBC circuit 13 supplies the video signal to error cor- 
rection circuit (ECC) 14 which corrects errors in the 
reproduced video signal and adds error flags to those 
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portions of the video signal that contain uncorrectable 
erroneous data. ECC circuit 14 supplies the error cor- 
rected video signal to shuffling circuit 15 which stores 
each frame contained in the video signal in a frame 
memory (not separately shown) and shuffles the stor- 
ed video signal in a manner inverse to that performed 
by deshuff ling circuit 9 so as to provide buffering units 
of video data. Further, shuffling circuit 1 5 replaces er- 
roneous data identified by the added error flags with 
corresponding data of a previous frame of video data 
already stored in the frame memory. Shuffling circuit 
15 supplies the shuffled signal to demultiplexer 16 
which demultiplexes the shuffled signal to provide a 
digital signal containing only video data to deframing 
circuit 17 and to provide a digital signal containing 
only audio data to de-interleave circuit 22. 

Deframing circuit 17 "deframes* the digital video 
signal by extracting quantized variable length coded 
data and supplies the def ramed digital video signal to 
decoding circuit 18 which decodes the signal in a 
manner inverse to that performed by encoding circuit 
4. Specifically, decoding circuit 18 decodes the vari- 
able length coded data and inverse-quantizes the 
data to produce a decoded video signal. The decoded 
video signal is supplied to inverse-discrete cosine 
transformation (IDCT) circuit 19 which performs an 
inverse-discrete cosine transformation of the decod- 
ed video signal to produce blocks of video data which 
are supplied to deblocking/deshuffling circuit 20 
which rearranges the data in the blocks to produce a 
digital "component- video signal. The digital compo- 
nent video signal is supplied to D/A converter 21 
which converts the digital component video signal to 
an analog video signal and supplies the analog video 
signal as an output. 

As previously stated, demultiplexer 16 supplies 
the audio component of the reproduced digital signal 
to de-interleave circuit 22. De-interleave circuit 22 
"de-interleaves** the audio signal in a manner inverse 
to that performed by interleave circuit 8 and supplies 
the de-interleaved audio signal to D/A converter 23 
which converts the de-interleaved digital audio signal 
to an analog audio signal and supplies the analog au- 
dio signal as an output signal. 

Referring next to Fig. 2, apparatus for recording 
a digital video signal which is capable of recording a 
digital video (and audio) signal supplied as an analog 
video (and audio) signal and which supplies the digital 
video signal as an output signal on a digital serial in- 
terface line is illustrated. As shown, the digital video 
tape recorder includes the same circuit components 
as illustrated in the digital video tape recorder of Figs. 
1 A and 1 B and is further comprised of a packet circuit 
24, a parity generator (PTG) 25, a driver 26, a receiver 
27, an error detection circuit 28 and a de-packet cir- 
cuit 29. 

In a recording mode in which a digital video signal 
is supplied to the digital video tape recorder, the dig- 



ital video signal is supplied serially to receiver 27 via 
a digital interface cable or the like which converts the 
serial data in the digital video signal to parallel data 
and channel decodes the parallel data to produce a 
5 decoded digital video signal. Receiver 27 supplies the 
decoded digital video signal to error detection circuit 
28 which detects errors that exist in packets of data 
contained in the decoded digital video signal and 
adds error flags to those packets of data in which er- 
10 rors are detected. The packets of data are supplied to 
de-packet circuit 29 which restores (i.e.. produces) 
buffering units of video data from the packets of data 
and supplies the buffering units of video data to a 
switch SW1 and to a switch SW2. 
15 During recording of the digital video signal, switch 

SW1 is set so as to supply the buffering units of video 
data supplied from de-packet circuit 29 to deshuffling 
circuit 9 which deshuff les the buffering units in a 
manner previously described. Further, deshuffling 
20 circuit 9 replaces erroneous data identified by the 
added error flags with corresponding data of a previ- 
ous frame of video data already stored in the frame 
memory. The deshuffled digital video signal is sup- 
plied via parity generator 10 to channel encoding cir- 
25 cuit 11 which channel encodes and records the digital 
video signal on a magnetic tape (not shown), as pre- 
viously described. 

Also during recording of the digital video signal, 
switch SW2 is set so as to supply the buffering units 
30 of video data supplied from de-packet circuit 29 to de- 
multiplexer 16. The buffering units of video data are 
demultiplexed to provide a digital signal containing 
only video data and a digital signal containing only au- 
dio data which are supplied to deframing circuit 17 
35 and de-interleave circuit 22, respectively. The digital 
video signal is deframed, decoded, inverse-discrete 
cosine transformed and deblocked/deshuffled by cir- 
cuits 17, 18, 19 and 20, respectively, in the same 
manner as previously described with reference to Fig. 
40 1B. Further, the digital audio signal is de-interleaved 
by de-interleave circuit 22. The digital video and audio 
signals are converted to analog video and audio sig- 
nals by D/A converters 21 and 23, respectively, which 
are supplied as analog output signals to a monitor (not 
45 shown) or other device which receives analog video 
and audio signals. The shaded circuits shown in Fig. 
2 are not utilized during the above-described digital 
recording operation and it will be appreciated that, as 
represented herein, the shaded circuits are rendered 
so inactive, or non-operative, by selectively supplying 
disable signals thereto from a suitable controller (not 
shown) when particular operating modes are select- 
ed, as will be described. 

It is seen that the digital video tape recorder as il- 
55 lustrated in Fig . 2 is operable to receive a digital video 
signal via a digital serial interface line, to record the 
received digital video signal in a suitable format on a 
record medium, and to supply simultaneously the re- 
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ceived digital video signal as an analog video signal 
in a format consistent with known analog video signal 
formats so as to allow an operator to monitor the dig- 
ital video signal being recorded or to utilize the analog 
video signal in another manner e.g.. performing a 
second recording of the digital video signal in an ana- 
log format. 

Fig. 3 is a block diagram of the apparatus oper- 
ating in a non-recording mode in which a received dig- 
ital video signal is supplied as an output analog video 
signal when the digital video signal is not being re- 
corded on the record medium. In the non-recording 
mode, switch SW1 may be thought of as "open" and 
switch SW2 is set so as to supply the buffering units 
of video data supplied from de-packet circuit 29 to de- 
multiplexer 16. That is, switch SW1 (not shown in Fig. 
3) is set so that the buffering units are not supplied to 
deshuffling circuit 9; hence, the received digital video 
signal is not recorded on a magnetic tape. Shaded cir- 
cuits 9,10 and 1 1 are not utilized in the non-recording 
mode, as shown in Fig. 3. 

Fig. 4 illustrates the operation of the present em- 
bodiment in a recording mode in which the supplied 
digital video signal is recorded on the record medium 
and is error corrected prior to being supplied as an 
output analog video signal. In this second recording 
mode, the received digital video signal is processed 
and recorded in the same manner as in the first re- 
cording mode, as previously described with reference 
to Fig. 2. 

In the second recording mode, switch SW2 is set 
so as not to supply the buffering units from de-packet 
circuit 29 to demultiplexer 16, but to couple a second 
output of deshuffling circuit 9 to the demultiplexer. 
Consequently, buffering units supplied from de-pack- 
et circuit 29 in a previous frame and stored in the 
frame memory of deshuffling circuit 9 replace errone- 
ous data identified by the error flags that had been 
added to the signal by error detection circuit 28, as 
previously described. Deshuffling circuit 9 supplies 
the error corrected (or replaced) buffering units, that 
have not been deshuffled, to demultiplexer 16 via 
switch SW2, and further supplies a deshuffled error 
corrected (or replaced) digital video signal to parity 
generator 10 in the manner described previously with 
reference to Fig. 2. 

The non-deshuffled error corrected buffering 
units from deshuffling circuit 9 are demultiplexed by 
demultiplexer 16 and ultimately supplied as output 
analog video and audio signals in a manner similar to 
that performed in the recording mode described pre- 
viously with reference to Fig. 2. The apparatus also in- 
cludes a switch SW3 shown in Fig. 4 (and not shown 
in Figs. 2 and 3) which, although not utilized in any of 
the operating modes thus far described, nevertheless 
is used when providing digital video and audio output 
signals for digital monitoring as described below. 

It will be appreciated that in the second recording 



mode just described, error correction is carried out on 
video signals prior to supplying those video signals as 
output analog video signals, while in the first record- 
ing mode described previously, the digital video sig- 

5 nals are not corrected before being supplied as output 
analog signals. 

Fig. 5 illustrates another (i.e., a second) non-re- 
cording mode of the presentation in which a received 
digital video signal is error corrected prior to being 

w supplied as an output analog video signal for monitor- 
ing, but the digital video signal is not recorded on the 
record medium. In this mode, the apparatus operates 
in the same manner as that described with reference 
to Fig. 4 except parity generator 10 is inactive and, 

is hence, the digital video signal is not recorded on mag- 
netic tape. 

Fig. 6 illustrates a third recording mode of oper- 
ation in which an input analog video signal supplied 
to the video input terminal is digitally recorded on the 

20 record medium and also is supplied as an output dig- 
ital video signal to the digital serial interface line. In 
this third recording mode, analog video and audio sig- 
nals are supplied to A/D converters 1 and 7, respec- 
tively, which convert the received analog signals to 

25 digital video and audio signals. The digital video sig- 
nal is blocked/shuffled, discrete cosine transformed, 
encoded and framed in circuits 2, 3, 4 and 5. respec- 
tively, and the digital audio signal is interleaved in in- 
terleave circuit 8 in the manner described above with 

30 reference to Fig. 1A. The resulting digital video and 
audio signals are multiplexed in multiplexer 6 which 
supplies a muftiplexed signal representing buffering 
units of data to switches SW1 and SW3. 

In this mode, switch SW1 is set so as to supply 

35 the multiplexed signal from multiplexer 6 to deshuf- 
fling circuit 9 which deshuffles the signal in the man- 
ner described above. The deshuffled signal then is 
supplied via parity generator 10 to channel encoding 
circuit 11 which channel encodes and records the dig- 

40 ital video signal on magnetic tape, also as previously 
described. 

In the presently described recording mode, 
switch SW3 is set so that the multiplexed signal from 
multiplexer 6 also is supplied to packet circuit 24 

45 which converts the multiplexed signal into packets of 
data, each of which contains an appropriate amount 
of data for transmission on the digital interface line. 
Packet circuit 24 supplies the data packets to parity 
generator 25 which adds parity data to the packets 

so and supplies the resulting digital signal to driver 26. 
Driver 26 channel encodes the digital signal into a for- 
mat compatible with the digital interface and serially 
transmits the encoded digital signal to the digital in- 
terface line. As will be recognized, the shaded circuits . 

55 shown in Fig. 6 are not utilized in the third recording^ \ 
mode of operation. t \ 

It is seen that the present embodiment as descri- 
bed in conjunction with Fig. 6 is operable to receive 

5 
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an analog video signal, to digitally record that analog 
video signal on a record medium, and to supply simul- 
taneously the received analog video signal as an out- 
put digital video signal in a format consistent with dig- 
ital serial interface transmissions so as to allow an op- 
erator to monitor via a digital serial interface the ana- 
log video signal being digitally recorded. Of course, 
the digital interface permits the serially transmitted 
digital signal to be utilized in another manner, e.g., a 
second digital recording may be made of the supplied 
analog video signal. 

Fig. 7 illustrates a further (e.g., a third) non-re- 
cording mode of operation in which an output analog 
video signal is supplied as an output digital video sig- 
nal on a digital serial interface line even though the 
digital video signal is not being recorded. In this third 
non-recording mode, the present embodiment oper- 
ates in the same manner as described with respect to 
Fig. 6, except deshuffling circuit 9, priority generator 
10 and channel encoding circuit 11 are inactive (that 
is, they are not operating) and, hence, the digital vid- 
eo signal is not recorded on magnetic tape. 

Editing of recorded digital video signals will now 
be described with reference to the various operating 
modes shown in Figs. 2-7. Prior to performing actual 
editing of digital video signals that had been recorded, 
the following steps generally are performed so as to 
verify which portion of the recorded video signal is to 
be edited: 

(a) A playback operation is carried out from a 
"preroll point" on the magnetic tape (i.e., a posi- 
tion on the magnetic tape prior to the position at 
which editing is to occur) to an "in point" on the 
magnetic tape (i.e., the position at which editing 
is to begin) for external synchronization purpos- 
es. 

(b) A playback operation is carried out from the "in 
point" to an "out point" (i.e.. a position on the mag- 
netic tape at which editing is to terminate) so as 
to allow an operator to monitor the recorded dig- 
ital video signal to be edited. 

(c) A playback operation is carried out from the 
"out point" to a position after the "out point" for ex- 
ternal synchronization purposes. 

When a digital video signal that represents new 
information (i.e., the video signal which is to replace 
the previously recorded video signal) is supplied over 
the digital interface line, a pre-editing operation is car- 
ried out and the present embodiment operates in eith- 
er of the non-recording modes illustrated in Figs. 3 
and 5. Thus, during step (b) above, the embodiment 
operates to provide the input digital video signal as an 
output analog video signal to be monitored. When the 
supplied video signal is in analog form, the embodi- 
ment operates in the non-recorc^g mode illustrated 
in Fig. 7; and during step (b) the embodiment provides 
an output digital video signal to be monitored over the 
digital interface line. 



When performing editing (i.e. recording) of digital 
video signals, the following steps are performed: 

(a) A playback operation is carried out from the 
"prerbil point" to the "in point" on the magnetic 

5 tape for external synchronization purposes. 

(b) A recording operation is carried out from the 
"in point" to the "out point". 

(c) A playback operation is carried out after the 
"out point" for external synchronization purposes. 

w When the new video signal is supplied over the 

digital interface line during the editing operation, the 
apparatus operates in either of the first or second re- 
cording modes illustrated in Figs. 2 and 4 during re- 
cording step (b). If the new video signal is supplied as 
15 an analog signal, the apparatus operates in the re- 
cording mode illustrated in Fig. 6. 

As previously described, a digital video signal 
that is supplied to the apparatus via a digital interface 
line for recording on magnetic tape may also be moni- 
20 tored at the analog video and audio outputs. Since an 
input analog video signal results in an output digital 
video signal at the digital interface, it is possible to 
couple two digital video tape recorders which em- 
brace the present embodiments via their digital in ter- 
25 face lines (the digital interface output of one is con- 
nected to the digital interface output of the other) and 
to provide a video monitor with the analog output sig- 
nals of either device so as to monitor the video signals 
that are reproduced by one device and recorded by 
30 the other. Further, the analog video output signal may 
be an error corrected signal, as represented by Figs. 
4 and 5. Similarly, two such devices may be coupled 
at their respective analog inputs and outputs, where- 
by monitors may be coupled to the digital interface 
35 lines of each of the devices. 

In summary, embodiments of the present inven- 
tion provide apparatus for recording a digital video 
signal on a record medium which overcomes or at 
least alleviates the shortcomings of prior art devices; 
40 which also provides the digital video signal that is be- 
ing recorded as an output signal so as to allow a user 
to monitor that digital video signal; which is capable 
of recording a digital video signal supplied thereto as 
an analog video signal while simultaneously supply- 
45 ing on a digital interface line the signal being record- 
ed; which allows for the simultaneous monitoring of 
an input analog video signal or an input digital video 
signal which is digitally recorded on a record medium; 
and/or which is capable of recording a digital video 
so signal supplied thereto as a digital signal via a digital 
interface and simultaneously supplying an analog 
video signal as an output which corresponds to the 
digital video signal being recorded. 

55 

Claims 

1. An apparatus for recording a digital video signal 
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on a record medium, comprising: 

receiving means for receiving a digital vid- 
eo signal; 

producing means for producing a record- 
able digital video signal from said digital video 5 
signal; 

recording means for recording said record- 
able digital video signal on a record medium; and 

converting means for converting the re- 
ceived digital video signal to an analog video sig- w 
nal and supplying said analog video signal as an 
output, said converting means being operable to 
supply said analog video signal as an output si- 
multaneously with the recording of said record- 
able digital video signal by said recording means. 15 

The apparatus of claim 1, wherein said receiving 
means includes means for detecting errors in 
said digital video signal and for adding to said dig- 
ital video signal error flags identifying respective 20 
detected errors; and said producing means in- 
cludes means for correcting the detected errors 
in said digital video signal in response to the add- 
ed error flags to produce a corrected digital video 
signal- 25 

The apparatus of claim 2. wherein said convert- 
ing means is operable to convert said corrected 
digital video signal to an error corrected analog 
video signal. so 

The apparatus of claim 2, wherein said correcting 
means includes storage means for storing frames 
of said digital video signal; and wherein said cor- 
recting means is operable to correct errors de- 35 
tected in a frame of said digital video signal by re- 
placing the detected errors with data in a corre- 
sponding portion of a previous frame of said dig- 
ital video signal. 

40 

The apparatus of claim 4, wherein said receiving 
means is operable to receive a shuffled digital 
video signal; and said correcting means includes 
deshuffling means for deshuffling said shuffled 
digital video signal to produce a deshuf f led digital 45 
video signal and supplying said deshuff led digital 
video signal as an output to said recording 
means. 

The apparatus of claim 5, wherein said convert- so 
ing means is operable to convert said corrected 
digital video signal to a corrected analog video 
signal. 

The apparatus of claim 6, wherein said coveting ss 
means is operable to correct said shuffled digital 
video signal to provide an error corrected shuf- 
fled digital video signal and to supply said error 



corrected shuffled digital video signal as an out- 
put to said converting means. 

8. The apparatus of claim 1 , wherein said receiving 
means is operable to receive a compressed digi- 
tal video signal; said apparatus further compris- 
ing decompression means for decompressing the 
compressed digital video signal to provide a de- 
compressed digital video signal; and wherein 
said converting means is operable to convert the 
decompressed digital video signal to a decom- 
pressed analog video signal and to supply the de- 
compressed analog video signal as an output. 

9. The apparatus of claim 8, wherein said receiving 
means is operable to receive an orthogonally 
transformed quantized digital video signal; and 
wherein said decompression means includes 
means for inverse quantizing said orthogonally 
transformed quantized digital video signal to pro- 
duce an inverse quantized transformed digital 
video signal, and means for performing an in- 
verse orthogonal transformation of said inverse 
quantized transformed digital video signal to pro- 
duce an inverse transformed digital video signal; 
and wherein said converting means is operable to 
convert said inverse transformed digital video 
signal to an inverse transformed analog video 
signal. - 

10. The apparatus of claim 1. wherein said receiving 
means is operable to receive a serially transmit- 
ted digital video signal over a digital signal inter- 
face transmission line. 

11. The apparatus of claim 1 , wherein said apparatus 
is operable in a recording mode to record by said 
record means said recordable digital video signal 
on said record medium and to supply by said con- 
verting means said analog video signal as an out- 
put; and is operable in a non-recording mode to 
receive said digital video signal and to supply by 
said converting means as an output said analog 
video signal corresponding to the received digital 
video signal. 

12. The apparatus of claim 11 , wherein said receiving 
means includes means for detecting errors in 
said digital video signal and for adding to said dig- 
ital video signal error flags identifying respective 
detected errors; said producing means includes 
means for correcting said detected errors in said 
digital video signal in response to the added error 
flags to produce a corrected digital video signal; 
and said converting means is operable to convert 
said corrected digital video signal to a corrected 
analog video signal for output in said recording 
mode and in said non-recording mode. 



13 



EPO 667 714 A2 



14 



13. An apparatus for recording a digital video signal 
on a record medium, comprising: 

receiving means for receiving a com- 
pressed digital video signal; 

error detection means for detecting errors 
in said digital video signal and for adding to said 
digital video signal error flags identifying respec- 
tive detected errors; 

error correction means for correcting the 
detected errors in said digital video signal in re- 
sponse to the added error flags to produce a cor- 
rected digital video signal; 

encoding means for encoding said correct- 
ed digital video signal to provide a recordable dig- 
ital video signal; 

recording means for recording said record- 
able digital video signal on a record medium; 

decompressing means for decompressing 
the digital video signal to provide a decom- 
pressed digital video signal; and 

converting means for converting said de- 
compressed digital video signal to an analog vid- 
eo signal and supplying said analog video signal 
as an output, said converting means being oper- 
able to supply said analog video signal as an out- 
put simultaneously with the recording of said re- 
cordable digital video signal by said recording 
means. 

14. An apparatus for recording a digital video signal 
on a record medium, comprising; 

receiving means for receiving an analog 
video signal; 

converting means for converting said ana- 
log video signal to a digital video signal; 

transmitting means for transmitting said 
digital video signal as an output; 

producing means for producing a record- 
able digital video signal from said digital video 
signal; and 

recording means for recording said record- 
able digital video signal on a record medium, said 
recording means being operable to record said 
recordable digital video signal simultaneously 
with the transmitting of said digital video signal by 
said transmitting means. 

15. The apparatus of claim 14, further comprising 
means for orthogonally transforming said digital 
video signal to provide a transformed digital video 
signal; and quantizing means for quantizing said 
transformed digital video signal to provide a 
quantized digital video signal; and wherein said . 
producing means is operable to produce said re- 
cordable digital video signal from said quantized 
digital video signal; and said transmitting means 
is operable to transmit said quantized digital vid- 
eo signal as an output 



16. The apparatus of claim 14, wherein said trans- 
mitting means includes means for packeting said 
digital video signal into packets of digital video 
data, means for adding parity data to said pack- 
5 ets of digital video data, and means for serially 

providing said packets of digital video data and 
parity data on a digital signal interface transmis- 
sion line. 

10 17. The apparatus of claim 14 t further comprising 
means for shuffling blocks of said digital video 
signal to provide a shuffled digital video signal; 
and wherein said producing means includes 
means for deshuff ling said shuffled digital video 

is signal, means for adding parity data to the de- 

shuffled digital video signal, and means for mod- 
ulating the deshuff led digital video signal with the 
parity data to provide said recordable digital vid- 
eo signal. 

20 

18. The apparatus of claim 17, wherein said trans- 
mitting means is operable to transmit serially said 
shuffled digital video signal as an output on a dig- 
ital signal interface transmission line. 

25 

19. The apparatus of claim 14, wherein said appara- 
tus is operable in a recording mode to record by 
said record means said recordable digital video 
signal on said record medium and to transmit by 

30 said transmitting means said digital video signal 

as an output; and is operable in a non-recording 
mode to receive said analog video signal and to 
transmit by said transmitting means as an output 
said digital video signal corresponding to the re- 

35 ceived analog video signal. 

20. An apparatus for recording a digital video signal 
on a record medium, comprising: 

receiving means for receiving an analog 
40 video signal; 

converting means for converting said ana- 
log video signal to a digital video signal; 

means for shuffling blocks of said digital 
video signal to provide a shuffled digital video 
45 signal; 

means for orthogonally transforming said 
shuffled digital video signal to provide a trans- 
formed digital video signal; 

means for quantizing said transformed 
so digital video signal to provide a quantized digital 

video signal; 

means for framing said quantized digital 
video signal to provide a framed digital video sig- 
nal; 

55 means for deshuffling the framed digital 

video signal to provide a deshuff led digital video 
signal; 

means for adding parity data to said de- 
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shuffled digital video signal; 

means for channel encoding said deshuf- 
fled digital video signal to provide a recordable 
digital video signal; 

recording means for recording said record- 
able digital video signal on a record medium; and 

transmitting means for transmitting said 
framed digital video signal as an output, said 
transmitting means being operable to transmit 
said framed digital video signal as an output si- 
multaneously with the recording of said record- 
able digital video signal by said recording means. 

21. The apparatus of claim 20, wherein said trans- 
mitting means includes means for packeting said 
framed digital video signal to provide a packeted 
digital video signal; means for adding parity data 
to said packeted digital video signal; and means 
for serially providing said packeted digital video 
signal with said parity data on a digital signal in- 
terface transmission line. 

22. An apparatus for recording a digital video signal 
on a record medium operable in first and second 
recording modes, comprising: 

digital signal receiving means for receiving 
a digital video signal in said first recording mode; 

analog signal receiving means for receiv- 
ing an analog video signal in said second record- 
ing mode; 

analog to digital converting means for con- 
verting said analog video signal received by said 
analog signal receiving means to a digital video 
signal in said second recording mode; 

producing means for producing a record- 
able digital video signal from said digital video 
signal received by said digital signal receiving 
means in said f irst recording mode and producing 
said recordable digital video signal from said dig- 
ital video signal output by said analog to digital 
converting means in said second recording 
mode; 

digital to analog converting means for con- 
verting said digital video signal received by said 
digital signal receiving means to an analog video 
signal and supplying said analog video signal as 
an output in said first recording mode; 

transmitting means for transmitting said 
digital video signal output by said analog to digital 
converting means as an output in said second re- 
cording mode; 

recording means for recording said record- 
able digital video signal on a record medium, said 
recording means being operable to record said 
recordable digital video signal simultaneously 
with the supplying of said analog video signal as 
an output by said digital to analog converting 
means in said first recording mode, and to record 



said recordable digital video signal simultaneous- 
ly with the transmitting of said digital video signal 
by said transmitting means in said second re- 
cording mode. 

5 

23. The apparatus of claim 22. wherein said digital 
signal receiving means is further operable in a 
third recording mode to receive a digital video sig- 
nal; said means for producing includes means op- 
to enable in said first and third recording modes for 

correcting errors in said digital video signal to pro- 
duce a corrected digital video signal; and said re- 
cording means is further operable in said f irst and 
third recording modes for recording said conrect- 
15 ed digital video signal on said record medium. 

24. The apparatus of claim 23, wherein said digital to 
analog converting means is operable in said third 
recording mode to convert said corrected digital 

20 video signal to a corrected analog video signal 

and to supply said corrected analog video signal 
as an output. 

25. Method of recording a digital video signal on a re- 
25 cord medium, comprising the steps of: 

receiving a digital video signal; 
producing a recordable digital video signal 
from the received digital video signal; 

recording said recordable digital video sig- 
30 nal on a record medium; 

converting the received digital video signal 
to an analog video signal; and 

supplying said analog video signal as an 
output simultaneously with the recording of said 
35 recordable digital video signal. 

26. Method of recording a digital video signal on a re- 
cord medium, comprising the steps of: 

receiving a compressed digital video sig- 

40 nal; 

detecting errors in said digital video signal; 

adding to said digital video signal error 
flags identifying respective detected errors; 

correcting the detected errors in said digi- 
45 tal video signal in response to the added error 

flags to produce a corrected digital video signal; 

encoding said corrected digital video sig- 
nal to provide a recordable digital video signal; 

recording said recordable digital video sig- 
50 nal on a record medium; 

decompressing the digital video signal to 
provide a decompressed digital video signal; 

converting said decompressed digital vid- 
eo signal to an analog video signal; and 
55 supplying said analog video signal as an 

output simultaneously with the recording of said 
recordable digital video signal. 
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27. A method of recording a digital video signal on a 
record medium, comprising the steps of: 

receiving an analog video signal; 
converting said analog video signal to a 
digital video signal; 

transmitting said digital video signal as an 

output; 

producing a recordable digital video signal 
from said digital video signal; and 

recording said recordable digital video sig- 
nal on a record medium simultaneously with the 
transmitting of said digital video signal as an out- 
put 

28. A method of recording a digital video signal on a 
record medium, comprising the steps of: 

receiving an analog video signal; 

converting said analog video signal to a 
digital video signal; 

shuffling blocks of said digitaJ video signal 
to provide a shuffled digital video signal; 

orthogonally transforming said shuffled 
digital video signal to provide a transformed dig- 
ital video signal; 

quantizing said transformed digital video 
signal to provide a quantized digital video signal; 

framing said quantized digital video signal 
to provide a framed digital video signal; 

deshuf fling the framed digital video signal 
to provide a deshuff led digital video signal; 

adding parity data to said deshuff led digi- 
tal video signal; 

channel encoding said deshuffled digital 
video signal to provide a recordable digital video 
signal; 

recording said recordable digital video sig- 
nal on a record medium; and 

transmitting said framed digital video sig- 
nal as an output simultaneously with the record- 
ing of said recordable digital video signal. 

29. A method of recording a digital video signal on a 
record medium, comprising the steps of: 

receiving a digital video signal or an ana- 
log video signal; 

converting said received analog video sig- 
nal to a converted digital video signal; 

producing a recordable digital video signal 
from said received digital video signal when a dig- 
ital video signal is received and producing said re- 
cordable digital video signal from said converted 
digital video signal when an analog video signal 
is received; 

converting said received digital video sig- 
nal to a converted analog video signal; 

supplying said converted analog video sig- 
nal as an output when a digital video signal is re- 
ceived; 



transmitting said converted digital video 
signal as an output when an analog video signal 
is received: and 

recording said recordable digital video sig- 
5 nal on a record medium simultaneously with the 

supplying of said converted analog video signal 
or recording said recordable digital video signal 
simultaneously with the transmitting of said con- 
verted digital video signal. 
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